We also predicted that adaptation to consistent asymmetries would increase the attractiveness of those asymmetries. This prediction was motivated by both the appeal of facial symmetry (for reviews, see Rhodes, 2006; Rhodes & Simmons, 2007) and evidence that adaptation to distortions increases the attractiveness of those distortions . To ensure independent assessment, different participants rated attractiveness and symmetry. Parallel effects of adaptation on attractiveness and symmetry judgments would implicate perceptual adaptation in face preferences and in symmetry perception.
METHOD Participants
Participants were young adults (17-26 years old) 2 recruited from the University of Western Australia. Initially, we recruited 24 symmetry raters and 24 attractiveness raters. However, noisy data meant that curves could not be fitted (see below) for 13 attractiveness raters (either poor fits, defined as R 2 .60, or no clear maximum), and an additional 33 raters were required to obtain a final sample of 24 attractiveness raters. The final groups consisted of 19 female and 5 male symmetry raters and 16 female and 8 male attractiveness raters.
Stimuli
Twenty (10 female) perfectly symmetric, grayscale, full-face photographs of adults with neutral expressions were taken from Rhodes, Proffit, Grady, and Sumich (1998) . These face images were made perfectly symmetric by blending original photographs with their mirror images (see Rhodes et al., 1998 , for details). Ten faces were used to create adapting stimuli, and 10 were used to create test stimuli.
To create the adapting stimuli, we applied asymmetric distortions to each face, using the spherize distortion function in Adobe Photoshop. Small ( 10) and large ( 50) expansion distortions were applied to an oval-shaped area on the left side of each face ( Figure 1 ) in a region that included the eye and the side of the nose but excluded the mouth (to avoid generating expressions by raising or lowering one side of the mouth). The distortions expand the selected region about a central point, making the left side of the nose thinner and enlarging the left eye and shifting it upward. The resulting images were mirror reversed about the vertical axis of symmetry to create a second set of asymmetric adapting stimuli with distortions on the right side of the face.
For each of the 10 test faces, we created an 11-face distortion continuum (see Figure 2 ) that included contraction distortions ( 50, 40, 30, 20, 10) , no distortions (0), and expansion distortions ( 10, 20, 30, 40, 50) . The distortions were applied to the same oval-shaped area on the left of the face as was used for the neither study examined effects of adaptation on perceived symmetry or preferences.
In the present study, we tested whether people adapt to DAs in a population of unfamiliar faces, so that those asymmetries become perceptually less salient. Participants adapted to 10 faces with consistent asymmetric distortions made by expanding an oval-shaped region on either the left or right side of each face (see Figure 1 ). These unilateral distortions were applied to perfectly symmetric versions of the adapting faces, so that only asymmetries produced by these distortions were present. Before and after adapting, participants rated the symmetry of test faces taken from face continua displaying a range of unilateral distortion levels, from expansion distortions, through no distortion, to contraction distortions ( Figure 2 ). The side of distortion always matched that of the adapting faces. These test continua are analogous to those used to measure adaptation to bilateral distortions , except that the distortions are unilateral. The adapting and test faces were always different identities. We examined adaptation to small as well as large asymmetries (between participants), to see whether adaptation would occur for both subtle and obvious facial asymmetries. We predicted that, after adaptation, the adapting asymmetry would look more symmetric and that the most symmetric-looking distortion would shift away from perfect symmetry toward the adapting distortion. Figure 3 suggests that this may be an artifact of large expanded (positive) asymmetries looking more symmetric than large contracted (negative) asymmetries did.
There were significant main effects of test time (preadaptation, M 4.1, SE 1.2; postadaptation, M 13.0, SE 1.4) [F (1, 18) 31.08, p .0001, 2 p .63] and size of adapting asymmetry (small, M 3.2, SE 1.5; large, M 13.8, SE 1.5) [F(1,18) 24.91, p .0001, 2 p .58]. No other effects were significant (all Fs 2.52; ps > .12). adapting faces. Mirror images were created to generate a second test set with right-sided distortions. All images were shown in black oval masks that hid the outer hairline but not the inner hairline or face outline. Images measured 8.6º 11.3º (217 285 pixels, shown at 72 pixels per inch) and were viewed from a distance of 50 cm.
Procedure
The session began with a preadaptation rating phase, in which all 110 test face images (10 faces 11 distortion levels) were presented in a random sequence and were rated for either symmetry or attractiveness (between participants) on a 1-9 scale (1 asymmetric, 9 symmetric; 1 unattractive, 9 attractive). Each face appeared for 1,500 msec, with the word "RATE" above and below it, followed by the rating scale (attractiveness or symmetry). The rating scale remained on the screen until a response was made, which initiated the next trial. Participants were encouraged to use the full range of the scale. There were three practice trials.
Next came a 5-min adaptation phase, during which 10 asymmetrically distorted adapting faces were shown repeatedly in a random sequence, each appearing for 4 sec with a 200-msec interstimulus interval (ISI). The distortions were unilateral and always on the same side, so that the direction of asymmetry was consistent. The distortions could be either weak ( 10 expanded) or strong ( 50 expanded). Side and strength of distortion side were counterbalanced across participants. Participants were instructed to attend to each of the images.
The postadaptation rating phase followed. This was the same as the preadaptation rating phase, except that each test image was preceded by a randomly selected adapting face (8 sec) and a 500-msec blank ISI.
RESULTS

Symmetry
Mean symmetry ratings, averaged across participants, were plotted as a function of test distortion level, before and after participants had adapted to small ( 10) and large ( 50) asymmetric distortions. Before adaptation, the most symmetric-looking faces were close to perfect symmetry, but after adaptation, choices were biased toward the adapting asymmetry ( Figure 3 ). This shift in perceived symmetry was most evident for large adapting distortions but was also present for small adapting distortions. Following Rhodes et al. (2003) , we fitted third-order polynomials to each function for each participant. Their maxima were used to estimate the test distortion levels that looked most symmetric, before and after adapting (Figure 4 ). Fits were good (mean R 2 .87, SD .08, minimum R 2 .67; 1 participant was excluded due to poor fit, R 2 .60). Another participant, whose fitted curves had no clear maxima, was also excluded.
Distortions chosen as most symmetric. We conducted a three-way ANOVA on the mean distortion level chosen as most symmetric, with size (small, large) and side (left, right) of adapting asymmetry as betweensubjects factors and test time (preadaptation, postadaptation) as a repeated measures factor. Planned t tests were used for follow-up comparisons. Inspection of Figure 4 shows that the most symmetric-looking distortion shifted in the direction of the adapting asymmetry, with a larger shift for the larger adapting distortion. This was confirmed by a significant interaction between test time and size of adapting asymmetry [F(1,18) tractive before and after adapting (mean R 2 .85, SD .09, minimum R 2 .61). Figure 5 shows the averaged data for 24 raters with acceptable curve fits. As predicted, the most attractive distortion shifted toward the adapting asymmetry, at least for large adapting distortions. This was confirmed by the same analyses as for symmetry ratings. Two participants were excluded from these analyses because their fitted curves had no clear maxima.
Distortions chosen as most attractive. The preferred distortion shifted toward the adapting asymmetry level, particularly for large adapting asymmetries (Figures 5 and 6 ). This was confirmed by a significant effect of test time [F(1,18) 
Perceived symmetry of adapting asymmetry levels.
A second ANOVA was conducted on the mean symmetry ratings for the adapting asymmetry levels ( 10 or 50). These asymmetries, indicated by arrows in Figure 3 , became less noticeable after adaptation, particularly for large asymmetries. Specifically, the adapting asymmetries looked more symmetric after adapting (M 5.7, SE 0.2) than before (M 4.5, SE 0.2) [F (1, 18) .41]. The difference in symmetry ratings between faces with small and large asymmetries was larger when the asymmetric distortions were on the right (small, M 6.8, SE 0.4; large M 3.3, SE 0.3) than when they were on the left (small, M 5.5, SE 0.3; large, M 4.6, SE 0.4) sides of the faces. This interaction has no clear theoretical significance and is not discussed further.
Attractiveness
Mean attractiveness ratings were plotted against test distortion level, before and after adapting, for each participant. Polynomials were fitted to these curves in order to estimate the test distortion levels that looked most at- variables (DVs), size and side of adapting asymmetry as between-participant factors, and test time as a repeated measures factor. The only interaction involving type of DV was with size [F(1,36) 4.48, p .05, 2 p .11], where the difference between small and large adapting asymmetries was greater for the symmetry (small, M 3.2, SE 1.8; large, M 13.8, SE 1.8) than the attractiveness (small, M 7.9, SE 1.8; large, M 10.6, SE 2.0) DV. Importantly, the type of DV did not interact with test time (F 1), suggesting that adaptation to asymmetric distortions has parallel effects on perceptions of symmetry and attractiveness.
DISCUSSION
Adapting to DAs in a small population of faces reduced sensitivity to those asymmetries and made faces with low levels of those asymmetries appear symmetric. These results suggest that perceptual adaptation could provide a proximate mechanism for the evolutionarily adaptive perceptual focus on FA in human faces (Simmons et al., 2004) .
Adaptation effects were observed after only a few minutes of exposure, and larger effects would be expected with ongoing exposure to naturally occurring facial DAs, which, by definition, appear repeatedly in a population of faces. Adaptation was also observed for very subtle ( 10%) as well as for more obvious ( 50%) asymmetries. Therefore, although the degree of asymmetry present in individual faces may be small (Simmons et al., 2004) , adaptation seems likely. Certainly, people adapt readily to the asymmetries present in an individual face so that its mirror image appears asymmetric (Paras, Kaping, & Webster, 2004) . Our results suggest that they also rapidly adapt to DAs in a population of faces.
We observed larger perceptual shifts for more extreme adapting asymmetries. In contrast, Robbins et al. (2007) observed smaller shifts after adapting to more extreme asymmetries in vertical eye position. Their statistical effect was driven by the most extreme asymmetry level, which was anatomically impossible and may not have fully engaged face processing mechanisms. Norm-based and multichannel models of face coding make different predictions about the expected relationship between size of adapting distortion and the resulting perceptual shifts (Robbins et al., 2007) . The present results are consistent with a norm-based coding model in which face dimensions are coded by pairs of neural populations tuned to belowand above-average values (Rhodes & Jeffery, 2006) .
Adaptation to asymmetries affected preferences as well as perceived symmetry, with the most attractive asymmetry level shifting away from perfect symmetry toward the adapting distortion. This preference shift mirrors the shift in what looks most symmetric and is consistent with a preference for symmetric faces (Rhodes, 2006; Rhodes & Simmons, 2007) . 4 We were unable to estimate optimal attractiveness levels for about half of our participants, who did not appear to find symmetry attractive under the present conditions (with noisy and/or flattish functions). Therefore, caution is needed in interpreting the attractivep .10]. No other effects were significant. Before adapting, the preferred distortion (M 3.0, SE 1.5) did not differ significantly from perfect symmetry (0) [t(18) 1.98, n.s.]. In sum, when curves could be fitted to attractiveness data, adaptation to asymmetry produced shifts in face preferences comparable to those observed in symmetry perception (cf. Figures 4 and 6) .
Attractiveness of adapting asymmetry levels. The adapting asymmetry levels ( 10 or 50), indicated by arrows in Figure 5 , became significantly more attractive after adaptation (after, M 4.6, SE 0.2; before, M 3.8, SE 0.2) [F(1, 18) 23.20, p .0001, 2 p .56] . No other effects were significant, although there was a marginal interaction between test time and size of adapting asymmetry [F(1,18) 4.11, p .06, 2 p .19], with a larger increase in attractiveness for larger distortions. Not surprisingly, more asymmetric faces ( 50) were rated as less attractive (M 3.9, SE 0.2) than were less asymmetric ones ( 10, M 4.5, SE 0.2), although this effect was only marginally significant [F(1,18) 3.12, p .10] . To confirm that these results were not an artifact of excluding many participants (33 out of 57 excluded), 3 we repeated this analysis using the original sample of 24 participants. Again, the adapting asymmetry levels became more attractive after adapting (M 4.4, SE 0.2, after; M 4.0, SE 0.2, before) [F(1,20) 4.55, p .05, 2 p .19], and small adapting asymmetries were significantly more attractive (M 4.7, SE 0.3) than large ones (M 3.7, SE 0.3) [F(1,20) 7.17, p .02, 2 p .26] . No other effects were significant. These results confirm that adaptation to DAs increases their appeal.
Comparison of Symmetry and Attractiveness
We conducted a MANOVA with the most symmetric and most attractive distortion levels as two dependent ness results. However, a similar picture emerges if we simply consider the attractiveness of the adapting asymmetry levels, which increased after exposure for all participants. We conclude, therefore, that parallel effects of adaptation occurred for symmetry perception and attractiveness.
Our results show that the visual system is sensitive to the distribution of asymmetries in a population of faces, with perceptual adaptation reducing the perceptual salience of those asymmetries that have a consistent directional bias (i.e., of DAs). Perceptual adaptation may also reduce the salience of DA in other morphological traits (e.g., body traits), allowing symmetry perception and preferences to focus on FA. To the extent that FA signals mate quality, this focus would be evolutionarily adaptive. We conclude that perceptual adaptation could provide a proximate mechanism for an evolutionarily adaptive perceptual focus on FAs.
